Background-Overweight and obesity are common in pediatric populations. Children with autism spectrum disorder (ASD) and disruptive behavior may be at higher risk.
Introduction
In addition to the core features of impaired social communication, repetitive behavior, and restricted interests, children with autism spectrum disorder (ASD) may also have gastrointestinal disturbances (McElhanon et al., 2014) , feeding problems , and disruptive behaviors (e.g., defiance, tantrums, aggression, self-injury, and hyperactivity). Although evidence suggests that children with ASD may be more likely to be overweight or obese compared with the general pediatric population, results are not consistent. To date, 17 studies have investigated this association (Table 1) . These studies estimate the prevalence of obesity in children with ASD to be between 10% and 31.8% (Whitely et al, 2004; Phillips et al., 2014) . Odds ratios for obesity in children with ASD compared to controls range from 1.16 to 4.83 (De Vinck-Baroody et al., 2015; Broder-Fingert et al., 2014) . These wide ranging estimates are likely due to differences in the source of the sample and assessment methods. For example, 53% of studies estimated obesity based on chart review or parent-reported anthropometric parameters and 65% relied on parentreported ASD diagnosis. Although eleven studies included a control group, only three specified matching procedures. Furthermore, few studies have investigated factors, such as ethnic minority status, intellectual ability, or age -which are associated with obesity in other pediatric populations (Broder-Fingert et al., 2014; Egan et al., 2013) . Two recent, large studies from the Autism Treatment Network (ATN) database provide the most methodologically-sound evidence for higher prevalence of obesity in ASD to date (De Vinck-Baroody et al., 2015; Hill et al., 2015) , both using the National Health and Nutrition Examination Surveys (NHANES) as a comparison group. De Vinck- Baroody et al. (2015) matched on age, sex, race/ethnicity, and parental education, whereas Hill et al. (2015) did not employ matching procedures. Both studies reported the prevalence of obesity in children with ASD to be approximately 18%. The odds of obesity compared to NHANES comparison groups were 1.16 (p = .003) and 1.10 (p = .12), respectively (De Vinck-Baroody et al., 2015; Hill et al., 2015) . Notable factors associated with obesity in children with ASD included Hispanic ethnicity, parental high school education (versus post-secondary), high birth weight, and macrocephaly (De Vinck-Baroody et al., 2015) .
Given the prevalence of ASD and evidence of increased risk of obesity, enhanced recognition of vulnerable subgroups is warranted. Childhood obesity may persist into adolescence and adulthood and is associated with several detrimental health outcomes, including impaired glucose tolerance, hyperinsulinemia, dyslipidemia, type 2 diabetes, nonalcoholic fatty liver disease, and cardiovascular disease (Cunningham et al., 2014; Reilly and Kelly, 2011; Weiss et al., 2009; Katzmarzyk et al., 2012; Quattrin et al., 2005) . Findings from a large-scale chart review suggest that these adverse outcomes hold true in the ASD population (Croen et al., 2014) . Compared to adults without ASD, those with ASD had a 69% higher prevalence of obesity, 42% greater risk of hypertension, and 50% increase in diabetes. Identification of risk factors in children with ASD is a prerequisite for addressing long-term individual health burdens and societal costs of obesity in this population. Available evidence from both clinical and community samples suggests that children with impulsiveness, inattention, and conduct problems without ASD have higher rates of overweight and obesity (Griffiths et al., 2011; Agranat-Meged et al., 2005) . Anderson and colleagues (2006) reported that higher body mass index z-scores in children with disruptive behavior problems persist into adulthood. Despite as many as 50% of children with ASD having disruptive behavior (Hartley et al., 2008; Mazurek et al., 2013) , no studies have investigated the prevalence and clinical correlates of obesity in children with ASD and disruptive behavior. The aims of the current study were to examine the prevalence of obesity in a well-characterized, treatment-seeking sample of children with ASD accompanied by disruptive behaviors compared to controls and to identify characteristics associated with overweight and obese status in children with ASD.
Methods

Participants
The study sample of 297 children with ASD (age 4 to 17 years) were participants in one of three randomized clinical trials conducted by the National Institute of Mental Health-funded Research Units on Pediatric Psychopharmacology (RUPP) Autism Network conducted between 1999 and 2007 at University of California at Los Angeles, Indiana University, Kennedy Krieger Institute at Johns Hopkins University, the Ohio State University, and Yale University. The studies were approved by each institutional review board and written informed consent was obtained from a parent or legal guardian prior to data collection. Study 1 was a double-blind, placebo-controlled trial of risperidone in children with autistic disorder (N=101) and serious behavioral problems (e.g., tantrums, aggression, and selfinjury as evidenced by a score of ≥18 on the Aberrant Behavior Checklist Irritability subscale) (RUPP Autism Network, 2002) . Using similar entry criteria, Study 2 enrolled 124 children with ASD who were randomly assigned to risperidone alone or risperidone plus parent training (Aman et al., 2009; Scahill et al., 2012) . Study 3 compared methylphenidate to placebo in children with ASD (n=72) accompanied by a per-item mean score of ≥1.5 on the Swanson, Nolan, and Pelham-IV ADHD scale (Swanson, 1992) (RUPP Autism Network, 2005) . Thus, in all three trials, disruptive behavior was required for inclusion. The pretreatment assessments were the same across these studies and included evaluation of intelligence quotient (IQ) and adaptive behavior, as well as medical, developmental, and psychiatric histories. Each child was deemed healthy following a physical examination, routine laboratory tests prior to study entry, and collection of anthropometric data. The diagnosis of ASD was conducted by an experienced team at each site and corroborated by the Autism Diagnostic Interview-Revised (ADI-R) (Lord et al., 1994) . In all three trials, children had to be medication-free, with the exception of stable treatment with anticonvulsants for seizures. The duration of washout depended on the half-life of the prior medication (e.g., three to four weeks for long-acting medications such as fluoxetine; two weeks for most other medications). In the risperidone trials, children with a prior adequate trial of risperidone were excluded (defined as at least two weeks of treatment at a dose of ≥1.5 mg per day).
Control sample
NHANES collects cross-sectional data every other year to evaluate the health and nutritional status of children and adults in the United States. Data on height and weight are obtained by direct measurement. Children with ASD were matched on age, sex, race, parent's highest education, and era of data collection. To match ASD subjects on era, we used NHANES data spanning from 2001 to 2006. Autism-specific information is not included in the NHANES data. To screen out children with a possible diagnosis of ASD, we excluded children from the NHANES sample whose parents endorsed the presence of physical, mental, or emotional problems or placement in special education or early intervention programs.
Variables
Demographic Characteristics-Demographic variables for cases and controls included age, sex, caregiver-reported child race/ethnicity (non-Hispanic Caucasian, non-Hispanic African-American, Hispanic, and other), and primary caregiver education status (less than 9 th grade, some high school, high school or GED equivalent, some college, and college degree or higher).
Height and Weight
Measures-Height (cm) and weight (kg) were obtained pretreatment in all RUPP studies. We calculated BMI percentile by age for each participant and converted to age-and sex-adjusted Z-scores based on the 2000 CDC growth charts (Kuczmarski et al., 2002) . Overweight was defined as a BMI ≥ 85 th percentile (age-sex adjusted Z-score > 1.036). Obesity was defined as a BMI ≥ 95 th percentile (age-sex adjusted Z-score > 1.645).
RUPP Study Instruments
Intellectual functioning-Several standardized tests of intelligence were used in these studies. IQ results were dichotomized as < 70 (intellectual disability) or ≥ 70 (normal range) across measures.
Adaptive Functioning-The Vineland Adaptive Behavior Scale is a semi-structured parent interview designed to measure adaptive functioning across three domains: Communication, Daily Living Skills, and Socialization (Sparrow et al., 1984) . For each Criado et al.
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Behavioral Problems-The Aberrant Behavior Checklist (ABC) is a 58-item, caregivercompleted measure designed to assess behavior problems across 5 subscales (Irritability, Social Withdrawal, Stereotypy, Hyperactivity, Inappropriate Speech) with normative data available for developmentally-disabled populations (Aman et al, 1985; Kaat et al., 2014) . Each item is scored from 0 to 3 with higher scores reflecting greater problems. The Children's Yale-Brown Obsessive Compulsive Scale for Autism Spectrum Disorder (CYBOCS-ASD) is a semi-structured clinician rating for measuring the severity of repetitive behaviors in children with ASD . Each of the 5 items is rated 0 to 4 for a range of 0 to 20 with higher scores indicating greater severity.
Feeding Difficulties-Endorsement of a single item question on the medical history form: "does your child have peculiar eating habits" was used as a proxy for feeding difficulties, such as food selectivity.
Statistical analysis
We used a greedy matching algorithm with the %GMATCH macro in SAS (Bergstralh and Kosanke, 2015) . In the greedy matching algorithm, cases are matched to controls using the best available match ("nearest neighbor") in order to minimize the distances between the matched covariates. Unlike other matching algorithms, a greedy match is considered linear because, once the matched control has been selected, the individual is not reconsidered. Our matching procedures sought to pair cases and controls on all variables. We were able to match NHANES controls to subjects with ASD in a 2:1 ratio in all but 8 cases. In these 8 cases, only one control could be matched on all variables.
Statistical analyses were conducted using SAS v 9.3 (Cary, NC, USA). Statistical significance was assessed at the 0.05 level, unless otherwise noted. Descriptive statistics were calculated for all variables of interest and include: means and standard deviations, medians and ranges, or counts and percentages, when appropriate. Prevalence of overweight status and obesity in children was determined by calculating the proportion of participants with age-and sex-adjusted BMI at or above the 85 th and at or above the 95 th percentile, respectively. Chi-square tests and two-sample t-tests were used for between group comparisons (i.e., ASD vs. controls, obese vs. non-obese). Normality of data was assessed using histograms and density plots and the Anderson-Darling test. Non-normal data were analyzed using equivalent nonparametric tests as needed (i.e., age, BMI percentile). Within the ASD sample, we examined the association of obesity with demographic and clinical characteristics. The strength of association was quantified by odds ratios (OR) and 95% confidence intervals (CI). For the within ASD group analyses, we used odds ratios and 95% CI to evaluate the association of sex, race, IQ, age, adaptive behavior, parental education level, and behavioral problems with obese status. 
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Results
ASD Sample Description
Of the 297 RUPP study participants, 283 (95.3%) had available pre-treatment weight and height data. Of these, 276 (92.9%) had adequate data for matching (e.g., missing data on parent education) with NHANES controls. As shown in Table 2 , mean age at study enrollment was 7.9 years (SD=2.6). Participants were predominately male (84.4%) and non-Hispanic Caucasian (69.9%). Over half of participants (57.4%) had an IQ below 70. Parents reported concern about peculiar eating habits in 58.4% (122 of 209 available responses) of the sample. Scores on the Vineland were in the low to moderate range for adaptive functioning. The mean ABC Irritability subscale indicated a high level of disruptive behavior. The mean score on the CYBOCS-ASD was 14.7 (SD=3.6) suggesting the moderately severe repetitive behavior. Using CDC guidelines, the prevalence of overweight was 42.4% and obesity was 21.4%.
Comparison between ASD and NHANES Controls
NHANES controls (n=544) were compared to 276 study subjects ( Table 3 ). The median (25 th -75 th ) BMI percentiles were 79.6 (54.9 -93.6) and 62.8 (34.0 -86.3) for the ASD sample and controls, respectively. The prevalence of combined overweight and obese children was significantly higher in the ASD sample compared to controls (see Figure 1 ). As shown in the figure, children with ASD were nearly twice as likely to be obese compared to the NHANES sample.
Factors Associated with Obesity in Participants in RUPP Trials
Within the ASD sample, minority status (e.g., African American, Hispanic) was associated with an increased likelihood of obesity (47.5% minority status in the obese group versus 25.3% in the non-obese group; OR = 2.66; 95% CI: 1.48 -4.83). On the Vineland Daily Living score, which measures adaptive everyday living skill, obese children with ASD had lower scores than non-obese children with ASD (40.4 ± 16.2 vs 46.4 ± 20.1; p = 0.04). As shown in Table 4 , there were no other significant differences on clinical or demographic characteristics in obese versus non-obese children with ASD.
Discussion
To our knowledge, this is the largest study of overweight and obese status in children with ASD and disruptive behavior. In our sample from three RUPP Autism Network studies, children were nearly twice as likely to be overweight or obese compared to matched controls drawn from NHANES. Within the RUPP study participants, risk for obesity was amplified by minority status, a finding consistent with the extant literature (e.g., Hill et al., 2015) . On the Vineland Daily Living domain, obese children also had lower mean scores than nonobese children. This association is unique compared to previous research (e.g., De Vinck- Baroody et al., 2015) . This highlights the need to explore the possible interaction between disruptive behavior, adaptive behavior, and obesity in ASD. Collectively, our findings suggest that children with ASD and disruptive are at increased risk for obesity. In addition to replication, future studies can examine factors that contribute to this observed association.
Our study detected a higher prevalence of obesity in children with ASD and disruptive behavior (21.4%), compared to the prevalence of 18% reported in two recent ATN studies (De Vinck- Baroody et al., 2015; Hill et al., 2015) . The difference in the rates of overweight and obesity in our sample may be due to a combination of factors. First, in the ATN sample only 20.6% to 34.4% had disruptive behavior problems (De Vinck- Baroody et al., 2015; Hill et al., 2015) . By definition, this combined sample from the RUPP trials was enriched with children with disruptive behavior problems. Second, the ATN samples were younger, starting at age 2. Studies in the general pediatric population indicate that the rate of obesity tends to be higher in children over 5 years (Cunningham et al., 2014) . Third, to screen out potential children with ASD from the NHANES sample, our matching algorithm excluded children with physical, mental, or emotional problems and children requiring special education or early intervention services. In addition, non-ASD conditions of attention deficit/hyperactivity disorder, learning or behavioral disability, and developmental delay have also been associated with higher rates of obesity than in children without these conditions (Philips et al., 2014) . It is possible that prior studies using NHANES as a control may have inadvertently included some children with ASD or these other conditions; thus, reducing the overall magnitude of group differences. One or more of these factors may explain the greater odds ratio of overweight and obese in our sample of 2.0 compared to 1.10-1.16 in the ATN samples (De Vinck-Baroody et al., 2015; Hill et al., 2015) .
If children with ASD and disruptive behavior are more likely to be overweight or obese, an important next step is to develop and test effective treatments. Guidelines for the prevention, assessment, and treatment of obesity in the general population of youth are available (Barlow et al., 2007) . Findings from several randomized trials support the efficacy of diet modification and behavioral approaches to treat childhood obesity (Foster et al., 2015; Wilson et al., 2003) . There are no specific guidelines, however, for prevention or treatment of overweight or obese children with ASD. Assessment and analysis of diet, mealtime behaviors, and meal structure may be useful to identify factors which lead to obesity (e.g., McKenzie et al., 1991) . Given the combination of social deficits, restricted interests, lack of social partners for physical activities, and developmental disabilities in children with ASD, successful educational, dietary and exercise programs for obesity in the general pediatric population may not be applicable to children with ASD (Obrusnikova and Cavalier, 2011; Rodger and Umaibalan, 2011) . This may be especially true for children with ASD and disruptive behavior. Food selectivity in this population often involves strong preference for processed foods, snacks, and sweets, and a lower intake of fruits and vegetables Berry et al., 2015; Ledford and Gast, 2006) . Disruptive behavior may make it difficult for parents to limit carbohydrates, introduce novel foods into the diet, or engage children with ASD in physical activity. Beyond diet and weight management in children with ASD, increased attention on the use and food as reinforcement in behavioral interventions is also warranted (Grondhuis and Aman, 2014) .
Antipsychotics are commonly used and are successful for treating disruptive behavior in children with ASD (Gerhard et al., 2009 ). Use of these medications, however, can lead to unnecessary and unintended weight gain (Correll et al., 2009; Martin et al., 2004; Scahill et al., 2016) . At minimum, our findings emphasize the importance of a careful risk-benefit discussion with caregivers about treatment options in children with ASD and disruptive 
Author Manuscript
Author Manuscript behavior. For example, a recent large-scale randomized trial of parent training showed superiority to parent education for reducing disruptive behavior in young children with ASD, which deserves discussion as an alternative treatment (Bearss et al., 2015) . In cases of ASD for whom medication is being considered, routine health screening as well as height and weight monitoring are warranted. Moreover, assessment for weight status and weight management interventions, including attention to diet and exercise, are indicated.
Although this study supports an association between obesity and disruptive behavior in children with ASD, our findings need to be considered against several limitations. First, our findings may not generalize to all children with ASD and disruptive behavior. Our study consisted of treatment-seeking children who participated in NIH-funded medication trials focused on disruptive behavior. At baseline, all study participants were medication-free. In the risperidone trials, children with a prior adequate trial of risperidone were excluded. This exclusion was not applied in the methylphenidate study. Because we did not systematically collect each child's prior medication history, we cannot rule out the possibility that some children were exposed to medications that promoted weight gain or weight loss. Moreover, we did not collect extensive family histories, family eating habits or measure parents' height and weight. Thus, the impact of these factors known to affect weight in children is uncertain. Third, the screening item regarding "peculiar eating" was insufficient to evaluate the association of the child's feeding habits and obesity (e.g., refusal, food selectivity, obesogenic diet). Future research should include a more detailed assessment of diet and mealtime difficulties, physical activity level, and possible biological factors (e.g., gut microbiome) (Galley et al., 2014; Mulle et al., 2013) that may play a role in obesity in this population.
In summary, our findings suggest that disruptive behavior in children with ASD increases the risk of obesity and overweight compared to matched controls. The presence of disruptive behavior in children with ASD may increase the likelihood of use of medications such as risperidone and aripiprazole -which may further contribute to weight gain. These results suggest that tailoring interventions to address both obesity and disruptive behavior in children with ASD is warranted. Summary of studies examining obesity in children with ASD. Table 4 Factors Associated with Obesity in children with ASD. 
